Abstract-The main objective of this study was to evaluate the effectiveness of a mesenchymal stem cell (MSC)-seeded polyethylene-oxide-terephthalate/polybutylene-terephthalate (PEOT/PBT) scaffold for cartilage tissue repair in an osteochondral defect using a rabbit model. Material characterisation using scanning electron microscopy indicated that the scaffold had a 3D architecture characteristic of the additive manufacturing fabrication method, with a strut diameter of 296 ± 52 lm and a pore size of 512 ± 22 lm 9 476 ± 25 lm 9 180 ± 30 lm. In vitro optimisation revealed that the scaffold did not generate an adverse cell response, optimal cell loading conditions were achieved using 50 lg/ml fibronectin and a cell seeding density of 25 9 10 6 cells/ml and glycosaminoglycan (GAG) accumulation after 28 days culture in the presence of TGFb3 indicated positive chondrogenesis. Cell-seeded scaffolds were implanted in osteochondral defects for 12 weeks, with cellfree scaffolds and empty defects employed as controls. On examination of toluidine blue staining for chondrogenesis and GAG accumulation, both the empty defect and the cellseeded scaffold appeared to promote repair. However, the empty defect and the cell-free scaffold stained positive for collagen type I or fibrocartilage, while the cell-seeded scaffold stained positive for collagen type II indicative of hyaline cartilage and was statistically better than the cell-free scaffold in the blinded histological evaluation. In summary, MSCs in combination with a 3D PEOT/PBT scaffold created a reparative environment for cartilage repair.
INTRODUCTION
Articular cartilage has a limited capacity for selfrepair and tissue damage as a result of osteoarthritis or trauma generally results in the lack of hyaline cartilage regeneration. Current surgical treatments for degenerative wear in the knee joint include microfracture, mosaicplasty, autologous chondrocyte implantation (ACI) or, more recently, matrix induced autologous chondrocyte implantation (MACI). 2 Although in the shorter term these techniques improve mobility and alleviate pain, in many cases the repair tissue is fibrocartilaginous and lacks optimal biological and mechanical properties for long-term functional recovery. 14 Over the last 20 years, cell therapies and tissue engineering strategies have been investigated and have shown potential for the repair/regeneration of hyaline cartilage. 1 In particular, mesenchymal stem cells (MSCs) have shown promise as a suitable cell source as they can be harvested from bone marrow and other tissues, and expanded in culture to obtain large numbers of cells with chondrogenic potential. 9 Current matrix-or scaffold-associated strategies for cartilage tissue engineering rely on both non-degradable and biodegradable materials with structures optimized for cell seeding. There is now recognition that the mechanical properties, chemical composition, porosity and pore architecture of the scaffold play a very important role in cartilage repair. Indeed recent studies have focused on creating bio-functional scaffolds with structures and properties similar to native cartilage. 23, 24, 31 Previously, the authors developed a 3D, open pore polyethylene oxide terephthalate poly-butylene terephthalate (PEOT/PBT) scaffold with mechanical properties and a chemical structure tailored for cartilage repair. 5, 18, 21, 22 After 14 days of subcutaneous implantation, this construct did not provoke an inflammatory response and was shown to be capable of supporting cartilaginous matrix deposition. 32 In an attempt to provide an integrated bioengineering solution to a current unmet biomedical problem, it was hypothesized that, in combination to the fine-tuned mechanical properties, the addition of cells would provide biological cues for better repair.
To this end, porous PEOT/PBT scaffolds were fabricated by 3D-fiber deposition and the architecture was visualized using scanning electron microscopy (SEM). Upon confirmation that the scaffolds did not evoke an adverse cell response when grown in the presence of rabbit MSCs, cell seeding was optimized using a fibronectin coating, while biological cues for chondrogeneis were evaluated in vitro using a glycosaminoglycan accumulation (GAG) assay. Thereafter, the cell-seeded scaffolds were implanted in an osteochondral defect in a rabbit model. After 12-weeks implantation, hyaline cartilage repair was evaluated by histological staining, while blinded histological scoring was used to examine the effect of providing biological cues from MSCs implanted on the PEOT/PBT scaffold.
MATERIALS AND METHODS

Materials
A 55/45-wt% PEOT/PBT scaffold, created by 3D fiber deposition was employed in this study. Using a 3D printer, the scaffolds were produced at a melting temperature of 190°C, an extrusion pressure of 4 bars, and an extrusion nozzle with an internal diameter of 0.7 mm. A 0-90°angle deposition pattern was followed in a layer-by-layer manner. The 3D architecture of the scaffold was imaged using SEM (Hitachi, S4700, UK). In brief, samples were sputter-coated with gold and imaged using a 15 kV accelerating voltage for analysis of strut diameter, pore width, height and depth.
In Vitro Optimization of the Scaffold
Cell Viability in the Presence of the Scaffold As part of the in vitro optimisation prior to implantation, it was necessary to show that chondrogenesis could occur. As a prelude to the in vitro chondrogenesis study, cell viability in the presence of the PEOT/PBT scaffold was evaluated. Rabbit MSC phenotype was confirmed by tri-lineage differentiation and surface marker expression using flow cytometry. Cells were positive for the MSC markers PDGFRa, CD90, and CD49a and negative for CD34, CD45 and the human leukocyte antigen HLA-DR (data not shown). Thereafter, MSCs were seeded at a density of 20,000 cells/cm 2 and maintained for 24 h at 37°C in a humidified atmosphere of 5% CO 2 in cell culture medium consisting of alpha-minimum essential medium (a-MEM-Gibco), 10% fetal bovine serum (FBS) serum, 1% penicillin/streptomycin (P/S) and 2% rabbit serum (RS). Thereafter scaffolds with dimensions 1/10 of the total area of the well were placed directly on the cells and incubated for an additional 24 h. An AlamarBlue TM (AB) assay (Molecular Probes) was then employed to examine the metabolic activity of the cells by measuring the fluorescence intensity (530 nm excitation/590 nm emission) on a microplate fluorescence reader (FLX800, Biotek Instruments Inc.) as per the manufacturer's instruction. As a method of control, rabbit MSCs seeded on tissue culture plastic were also examined (n = 6).
Optimisation of Cell Loading Conditions
Previous studies have shown that a cell seeding density of 25 9 10 6 MSCs/ml was required to achieve chondrogenesis in a 3D structure. 10 In addition, it has also been shown that pre-coating the scaffolds with fibronectin enhances cell attachment. 15 As a consequence, four concentrations of fibronectin 0, 25, 50, and 100 lg/ml in PBS were evaluated as scaffold coating materials. After 1 h immersion in the fibronectin solutions, the PEOT/PBT scaffolds (3 mm in diameter and 3 mm in height) were placed in a 3 ml EST Z sterile vacutainer (BD). Using a cell seeding density of 25 9 10 6 cells/ml, a suspension of 1.2 9 10 6 rabbit MSCs (passage 1) in 50 ll of incomplete chondrogenic medium (ICM) consisting of HG-DMEM supplemented with 100nM dexamethasone, 50 lg/ml ascorbic acid, 40 lg/ml L-Proline, 6.25 lg/ml selenous acid, 5.33 lg/ml linoleic acid, 1.25 mg/ml bovine serum albumin, 0.11 mg/ml sodium pyruvate and 1% P/S was added to the vacutainer. Using an 18-gage needle and a 10 ml syringe the air was aspirated from each tube by drawing a vacuum and releasing three times.
The tubes containing the cell-seeded scaffolds were placed in an incubator at 37°C with 5% CO 2 for 1 h to allow cell attachment and then immersed in 1 ml ICM to remove any unattached cells. Cell attachment was subsequently assessed by measurement of the total dsDNA content using a PicoGreen assay (Invitrogen). Cell distribution through the center of the scaffold was assessed using SEM. Cell-seeded scaffolds were fixed in a 2.5% solution of electron microscopy grade gluter-aldehyde, dehydrated in a series of alcohols from 50 to 100% for 5 min each, dried by evaporation of hexamethyldisilazane, gold-coated and imaged using SEM (Hitachi, UK) with an accelerating voltage of 15 kV.
In Vitro Chondrogenesis
Previous studies have shown that MSC differentiation is enhanced in a hypoxic environment. 20 The differentiation behavior of the rabbit MSC-seeded scaffold was evaluated by measuring GAG accumulation after 21 days culture in both hypoxic and normoxic environments with and without the presence of transforming growth factor (TGF) b3. In brief, upon optimization of the fibronectin coating concentration and 24 h culture in ICM, the rabbit MSC-seeded scaffolds were cultured in complete chondrogenic medium (CCM) consisting of ICM supplemented with 10 ng/ml TGFb3 with medium changed every 2 days and cultured in either a hypoxic environment with 5% O 2 at 37°C and 100% humidity or a normoxic environment with 21% O 2 at 37°C and 100% humidity. As a method of control cell-seeded scaffolds were cultured in the absence of TGFb3 in both environments. Thereafter, GAG accumulation was determined using a dimethlymethylene (DMMB) assay on papaindigested scaffolds with chondroitin-sulfate-6 as a standard, while DNA was measured using a PicoGreen assay.
Surgical Procedure
24 h prior to surgery, the PEOT/PBT scaffolds were coated with 50 lg/ml of fibronectin, seeded with rabbit MSCs at a density of 25 9 10 6 cells/ml and cultured in ICM, as described above. Nine skeletally mature male white New Zealand rabbits, weighing at least 3 kg, were used in this study. Both knees in each rabbit underwent surgery under sterile conditions. All procedures were conducted in accordance with University guidelines, ethical approval from the Animal Care and Research Ethics Committee at the National University of Ireland Galway and a license from the Irish Department of Health. Six rabbits were randomly assigned to receive a cell-free scaffold in the right knee (n = 6) and a cell-seeded scaffold in the left knee (n = 6), while the remaining three rabbits received an empty defect in both knees (n = 6), as a fibrocartilage control. Rabbits were anesthetized using a weight-adjusted dose of ketamine (35 mg/kg) and xyalazine (10 mg/kg) and 3 mm defects were created in the center of the medial femoral condyle using a drill with a previously sterilized 2.8 mm drill bit covered with a sterile sheath. The walls of the defect were finished with a curette. Thereafter, the cell-free and cell-seeded PEOT/PBT scaffolds were press-fit into place, while the empty defects were left unfilled.
Histological Evaluation
At 12 weeks, the rabbits were sacrificed and after examination of gross surface morphology, the femoral condyles were removed and fixed in 10% neutral buffered formalin and decalcified in Surgipath II for 2-3 weeks. Samples were serially sectioned at 5 lm intervals and stained with toluidine blue. Tissue sections were graded by four blinded reviewers, 1.5 mm into the defect using a modified O'Driscoll scoring system based on previous proof of concept studies for cell-laden scaffolds. 13, 30 This included evaluation of percentage of the defect filled by hyaline cartilage, articular surface continuity, tidemark, thickness of repair tissue and integration with native tissue. With respect to degenerative changes, these were evaluated in the repair tissue and adjacent tissue in addition to chondrocyte clustering.
Immunohistological Staining for Collagen
Immunohistochemistry was performed for Collagen type I and Collagen type II as described previously. 25 Sections were treated with 4 mg/ml (Dako Pepsin S3002) for 30 min at room temperature for antigen retrieval prior to sequential incubation with a goat anti-type I collagen antibody (1:100, S1310-01; SouthernBiotech) or a mouse anti-type II collagen antibody (1:50, AF5710; Acris) at 4°C overnight followed by a biotinylated rabbit anti-goat secondary (1:1000, 305-065-003; Jackson ImmunoResearch Inc.) for collagen type I and a goat anti-mouse (1:1000; KPL 71-00-29) for collagen type II for 30 min at room temperature.
Statistical Analysis
Where appropriate, results were represented as mean ± standard error of the mean (SEM). The optimal fibronectin coating was evaluated using a student's t test with p £ 0.05 considered significant. The GAG/ DNA accumulation was analyzed using two-way ANOVA to examine the effect of both culture environment and the presence of TGFb3. The histological scoring was also evaluated using two-way ANOVA to examine variations between the groups, with p ‡ 0.05 considered not significant (ns), (*), p £ 0.01 very significant (**), with p £ 0.001 (***), and p £ 0.00001 (****) considered extremely significant. Confidence of intervals at 95% was used to examine variations within groups. All data was analyzed using GraphPad Prism version 6.
RESULTS
In Vitro Optimisation of the Scaffold
As shown in Fig. 1a , SEM analysis demonstrated that the 3D PEOT/PBT scaffolds had a strut diameter of 296 ± 52 lm and a pore size of 512 ± 22 lm 9 476 ± 25 lm 9 180 ± 30 lm. Cell survival in the presence of the 3D PEOT/PBT scaffold was assessed with an AlamarBlue TM assay and indicated that there was no statistical difference detected in the cell metabolic activity of rabbit MSCs grown on tissue culture plastic (TCP) or MSCs grown in the presence of the PEOT/PBT scaffolds (Fig. 1b) The optimal cell attachment and distribution of rabbit MSCs on the PEOT/PBT scaffolds was determined using a cell seeding density of 25 9 10 6 cells/ml and is shown in Fig. 2a, b . A statistically greater number of cells were retained on scaffolds pre-treated with 50 lg/ml fibronectin, with over a sevenfold increase in cell retention over no coating, 3 times greater loading compared to the use of 25 lg/ml and almost twice that of 100 lg/ml fibronectin ( Fig. 2a) with average values of 50,000, 210,000, 580,000, and 320,000 for 0, 25, 50, and 100 lg/ml of fibronectin, respectively. This is further evidenced in the SEM images, where a greater number of cells were seen to attach to the scaffold with the 50 lg/ml coating of fibronectin (Fig. 2b) .
With respect to the differentiation behavior of the rabbit MSC-seeded scaffolds in vitro, the provision of biological signals for chondrogenesis was confirmed as evidenced by the GAG accumulation observed in both hypoxic and normoxic environments (Fig. 2c) . After 21 days culture in the presence of TGFb 3 , 18 ± 12 lg/ lg of GAG/DNA was measured for hypoxia cultured samples compared to 10 ± 4 lg/lg of GAG/DNA recorded for cell-seeded scaffolds cultured in normoxia. In the absence of TGFb3, 6.5 ± 4.5 lg/lg GAG/DNA was recorded for samples cultured in hypoxia compared to 4.5 ± 4 lg/lg of GAG/DNA recorded in normoxia, with statistical significance observed between samples cultured in hypoxia with TGFb3 and in normoxia without TGFb3. 12 weeks after implantation. Cartilage repair was observed in empty defects, as well as in defects containing cell-free and cell-seeded scaffolds. It can also be seen that the PEOT/PBT scaffold has not completely degraded suggesting that mechanical support was provided throughout the 12-week period. Moreover, it appears that the presence of the cells provided a better environment for repair with fewer large defects observed in comparison to the cell-free scaffold group. However, on closer examination, the quality of repair was not the same. As seen previously with rabbit models, cartilage repair in empty defects was observed after 12 weeks, with 2 of the 6 replicates ( Fig. 3Av and 3Avi) showing a thin line of organized cartilage repair and surface continuity, and 3 of the 6 showing a tidemark (Fig. 3Ai,  3Av, and 3Avi) . Moreover, 3 replicates (Fig. 3Aii, 3Aiii , and 3Aiv) also showed evidence of degenerative changes (moderate hypo or hypercellularity) in the adjacent tissue, chondrocyte clustering and degenerative changes in the repair tissue.
Histological Evaluation of Repair
With respect to the cell-free PEOT/PBT scaffolds, hyaline cartilage morphology was not observed in any of the defects; there was no evidence of a smooth articular surface and there was no tidemark present in the six replicates. The thickness of the repair tissue approached that of native tissue in 1 of 6 replicates and this was accompanied by partial integration with the native cartilage (Fig. 3Aix) . There was also some evidence of integration at one side of 2/6 replicates ( Fig. 3Avii and 3Axii ). There were no degenerative changes (slight to moderate hypo or hypercellularity) observed in the newly formed cartilage tissue, however, there were degenerative changes observed in the adjacent host cartilage in 50% of replicates (Fig. 3Aviii,  3Ax, and 3Axi ). Regarding the cell-seeded scaffolds, a thin layer of cartilage was observed in 50% of the samples (Fig. 3xiii, 3Axiv, and 3Axvii) . The thickness of the cartilage repair tissue and integration with native tissue was also improved, with half of the samples (Fig. 3Axiii, 3Axiv , and 3Axvii) approaching thickness of native cartilage tissue and 50% of showing integration with native tissue (Fig. 3Axiii, 3Axiv, and 3Axvii) .
In relation to chondrogenesis, there was evidence of GAG accumulation in the empty defect and in and around the scaffolds struts of the cell-free scaffold (Fig. 4) . Chondrocyte cells were observed in their lacunae above the tidemark in the cell-seeded scaffolds (Fig. 4Cii-iii) . There was evidence of hypocellularity in the cell-free scaffolds (Fig. 4Biii-iv) . In addition, chondrocyte clusters were observed in the cell-seeded constructs (Fig. 4Civ) and the adjacent cartilage at the margin of the defect in the empty defects ( Fig. 4Aiii-iv) . 
Histological Scoring of Repair Tissue
Histological scoring was conducted by four blinded evaluators using a modified O'Driscoll scoring system ( Table 1) . As shown in Fig. 5a , the data generated for repair appeared to be consistent with the observations for toluidine blue staining for chondrogenesis and GAG formation (Fig. 3) . The empty defect appeared to promote the best repair, while the cell- seeded scaffold promoted statistically significant better repair compared to the cell-free scaffold. In particular, the poorest percentage hyaline cartilage formation was observed for the cell-free scaffold, with statistically significant differences recorded between the empty defect and the cell-seeded scaffold for percentage hyaline cartilage, surface continuity and thickness of repair. The scoring also reflected the poor tidemark observed in both the cell-free and cell-seeded scaffolds, where significant differences were observed between both scaffolds and the empty defect, which may be due to the presence of the scaffold itself. With respect to integration and degeneration, the cell-free scaffold scored lowest with respect to integration, degenerative changes and chondrocyte clustering with statistically significant differences observed between the cell-seeded scaffold and empty defect. Despite the fact that the empty defect appeared to have statistically better repair than the scaffold groups, it also had the largest variations within its group as shown with the confidence of intervals at 95% (Table 2) .
Collagen Formation
With respect to fibrocartilage formation, evidence of collagen I was observed throughout the tissue fill in the empty defect (Fig. 6Ai-ii) , while was absent in the adjacent native tissue (Fig. 6Aiii-iv) . Repair tissue in the cell-free scaffolds also stained positive for type I collagen with intense staining throughout equivalent to that of adjacent normal bone indicating fibrous cartilage repair (Fig. 6Av-vi) . On the other hand staining in cell-loaded scaffolds was detected to a much lesser extent with intensity almost equivalent to background in some areas (Fig. 6Aix-x) . Nonetheless, collagen type I was detected in the border zone and at the surface of the repair tissue in the cell-seeded scaffolds (Fig. 6Aix) .With respect to collagen type II (Fig. 6b) , there was evidence of staining in the empty defect ( Fig. 6Bi-iv) and in both the cell-free (Fig. 6Bv-viii) and MSC-seeded scaffolds (Fig. 6Bix-xii) . As in the case of the collagen type I staining, the tideline was expanded in the cell-free (Fig. 6Bv ) and cell-seeded scaffolds (Fig. 6Bix) , with collagen type II staining observed above the tideline in the cartilage zone. Visually, the cell-seeded scaffold appeared to have more hyaline cartilage as evidenced by collagen type II and less fibrocartilage as evidenced by collagen type I staining when compared to the cell-free scaffold and the empty defect.
With respect to bone repair, bone cysts were observed in 50% of the empty defects. There was no difference observed between the structural integrity of the bone in the defects containing cell-free scaffolds when compared to cell-seeded scaffolds (Fig. 3) . However, in terms of bone structure, the cell-seeded scaffold promoted better repair. Additionally, no bone cysts were observed for either the cell-free or cell-seeded scaffolds, as compared to the empty defect.
DISCUSSION
Hyaline cartilage repair is the ultimate clinical goal for damaged or osteoarthritic cartilage. Although previous research has shown that open-pore scaffolds allow cell migration through the scaffold in vivo, architecture alone is not the only requirement for optimal hyaline cartilage repair. Recent studies have suggested that the material property requirements of a scaffold for cartilage repair are a multifactorial problem that delicately balances scaffold architecture and mechanical properties together with biological cues. In the current study, we tested the hypothesis that in cally scalable and reproducible rapid prototyping method of 3D fiber deposition. Prior to implantation these scaffolds were evaluated in terms of architecture, cell survival, optimal loading conditions and in vitro chondrogenesis. The 3D architecture of the scaffold and values measured for the strut diameter (296 ± 52 lm) and pore size (512 ± 22 lm 9 476 ± 25 lm 9 180 ± 30 lm) were in accordance with design parameters and are comparable with structures previously used for cartilage repair. 5, 21, 32 In an attempt to optimize cell loading, the optimal concentration of fibronectin coating was evaluated. Cell attachment on biomaterials coated with the extracellular matrix protein fibronectin has been shown to interact through the RGD (arg-gly-asp) ligand within fibronectin and integrins such as a 5 b 1 and a 5 b 3 . 19, 27 It has also been shown that cell adhesion is mediated by the confirmation and spatial distribution of RGD ligands. 17 Moreover, it has been shown that there is an optimal RGD density for cell attachment. 11, 19 In this study, fibronectin coating of the scaffold at 50 lg/ml in combination with a cell seeding density of 25 9 10 6 cells/ml or 1.2 9 10 6 cells/scaffold, as used previously, 10 resulted in optimal cell loading. Above 50 lg/ml fibronectin, a decrease in cell attachment and a change in cell morphology was observed. This correlates with the findings of Massia and Hubbell, 19 where a decrease in cell attachment and a change in morphology was shown above a threshold value in RDG ligand density and associated fibronectin concentration. Furthermore, the MSCs were seen to be attached to the scaffold struts and distributed throughout the 3D construct as proposed by Jansen for optimal cartilage repair. 8 With respect to the MSC differentiation behavior in vitro, GAG accumuluation after 21 days culture in the presence of TGFb 3 in both normoxic and hypoxic conditions compared well to other studies, 3, 20 with GAG/DNA values in hypoxia almost twice that observed in normoxia when cultured in the presence of TGFb3.
Rabbit models are known to have limitations, 4, 6, 7, 26 but are recognized by the International Cartilage Repair Society (ICRS) as a suitable animal model for proof of principle studies. 6, 7 Rabbits are less expensive than large animal models and provide useful information for screening formulations and developmental studies. 4 Nonetheless, one of the disadvantages of using a rabbit model is that rabbits exhibit spontaneous repair, albeit with degenerative changes and evidence of arthritis. 1, 4, 29 In this study, an osteochondral defect was created in a rabbit model. After 12-weeks, the empty defect showed evidence of cartilage repair. On closer examination, there was evidence of chondrocyte clustering and hypo-and hyper-cellularity in the repair and native tissues, which compares well with previous findings and is perhaps why empty defects are accepted as a negative control. 7 To determine whether the addition of MSCs to the scaffold would enhance repair, rabbit MSCs were seeded in the scaffold and implanted in a rabbit osteochondral defect. On initial examination of toluidine blue staining for chondrogenesis and GAG, it appeared that tissue repair was successful in the empty defect, but when collagen staining was taken into account the repair tissue was seen to be fibrocartilage as evidenced by the presence of collagen type I and the absence of collagen type II. The tissue repair in the cell-free scaffold appeared to have reduced chondrogenesis and GAG formation, and stained positive for both collagen type I and collagen type II. In contrast, chondrogenesis, GAG formation and staining for collagen type II were observed in the cell-seeded scaffold, echoing the observations of Maehara when cells were present. 16 When comparing the histological scoring between the groups, the cell-free scaffold had statistically poorer repair when compared to the cell-seeded scaffold and the empty defect. These results suggest that the scaffold alone may impede cell migration and repair. However, in the presence of MSCs hyaline cartilage repair was observed, suggesting the cells provide biological signals, despite the fact that the scaffold has not fully degraded. Balancing mechanical properties, degradation rate and inflammation is a delicate process, which may be achieved by altering the chemical nature of the scaffold. By altering the degradation rate, the mechanical properties and surface chemistry will also change, which may introduce inadequate support or an inflammatory response. Nonetheless, the PEOT/ PBT scaffold did not produce an inflammatory response or cyst formation in agreement with previous studies. 12, 28 Taken together, these results suggest that longer time points to evaluate tissue repair are required rather than changing the chemical structure and degradation rate.
With respect to limitations of the study, the number of specimens and the number of time points examined are noted. Regarding, statistical analysis, the number of specimens examined (n = 6) for each group was sufficient to compare the scores between groups. However, for comparison within the groups, the numbers were too low for a Kruskal-Wallis nonparametric analysis. Although, the confidence of interval values at 95% revealed that the greatest variations were observed for the empty defect group, a powered study with larger n numbers would provide more statistically relevant data. Regarding time points, a range of different time points have been examined for cartilage repair, with 12-week studies recommended by the ICRS for proof of principle studies involving cellladen scaffolds and longer time points of 6 and 12 months recommended once proof of principle has been established. 7 Since the cell-seeded scaffold demonstrated more evidence of hyaline cartilage compared to the cell-free scaffold and the empty defect, a powered study, in large animals with larger n numbers and longer time points could be considered for examination of hyaline cartilage repair, scaffold degradation, mechanical properties and biochemical matrix evaluation.
In summary, these results suggest that the cell-seeded PEOT/PBT scaffold provides both biological cues and mechanical support with more hyaline-like tissue repair. Nonetheless, further studies are required to assess the potential of the MSC-seeded scaffold structure to support long term remodeling of the hyaline cartilage and underlying bone.
